Potato dextrose and malt extract agar were found to be suitable for culturing different isolates of Pyricularia oryzae. Colonies of P. oryzae appeared as white on oat meal, rice polish and malt extract agar, grey on potato dextrose agar and whitish grey on rice agar. Spore induction was hastened on maize stem pieces than on rice and Panicum repens. Spore density on maize was 3420/ml of water as against 500/ml on P. repens. When spores of 11 isolates of P. oryzae were compared, conidia of the isolate from Pennisetum purpureum were significantly bigger than the other isolates. The spores of rice isolates from Erode and Gopichettipalayam were significantly smaller in length and width. Fingerprinting of 11 isolates of P. oryzae by retrotransposon -microsatellite amplified polymorphism (REMAP) showed a high level of variability and polymorphism among them. Phylogenetic analysis using REMAP markers grouped out one rice isolate from others. Two isolates of Tirunelveli region were grouped together like Erode and Gopichettipalayam isolates. Isolates causing leaf and neck blast showed 52.9% similarity. Isolates from Coimbatore and Gudalore were 32.7% similar; likewise two non-rice host isolates were grouped together with 27.6% similarity.
INTRODUCTION
Rice (Oryza sativa L.) is the staple food crop supplying nearly 23% of the per capita energy for six billion people worldwide and also fast becoming the model plant for monocot species in molecular biology and genomics studies (Jo et al., 2007) . Among the diseases of rice, blast incited by Pyricularia oryzae (teleomorph: Magnaporthe oryzae) is the most serious disease in all rice growing regions of Tamil Nadu (Chadha and Gopalakrishna, 2005a) and blast outbreaks have been a serious threat to rice production worldwide (Koutroubas et al., 2009 ). Each year P. oryzae was reported to destroy rice enough to feed an estimated 60 million people and 50% of production could be lost in rice field moderately affected by blast (Barman and Chattoo, 2005) . Blast continues to pose a threat to the yield potential in rice cultivars in all the rice ecosystems (Annon., 1975 (Annon., -2005 in India.
Different species of Magnaporthe grisea cause blast disease on a wide range of gramineous plant hosts. Recently, based on phylogenetic analyses and mating tests isolates from grasses including rice were named as M. oryzae and isolates from crabgrass were separated from the species complex and named M. grisea (Choi et al., 2013) . Magnaporthe oryzea (T.T. Herbert) Yaegashi & Udagawa (anamorph = Pyricularia oryzae (Cooke) Sacc.) causes disease on more than 50 graminaceous species including important food crops such as rice (Tosa *Corresponding author. E-mail: savee_patho2003@yahoo.co.in; Saveetha.Kandasamy@dal.ca. Tel: +1 902 893 6624. Lab: 6627 Fax: 1404 . Rice blast is a serious concern in temperate areas as well as in tropical uplands, such as those found in West Africa, Iran (Mousanejad et al., 2010) , Malaysia (Rahim, 2010) and the savannas of South America (Bonman et al., 1989) . Blast affects 12% of the total area of Rice cultivation in Indonesia (BPS, 2008) . Blast was first recorded in India during 1913 and a devastating epidemic occurred in 1919 in the Tanjore delta of Tamil Nadu (Padmanabhan, 1965) . Since its first appearance, the disease has been reported to occur in different regions of India (Padmanabhan et al., 1970; Singh et al., 2004; Rathour et al., 2004a) . Yield reductions are drastic when caused by panicle blast which reduces the thousand grain weight, the percentage of ripe spikelet, and the percentage of fully mature grains (Teng et al., 1990) . Infection of panicle base by the blast pathogen until 20 days after heading was found to cause more than 50 per cent of yield loss as observed by Shim et al., 2005 . In India, yield loss due to blast could be as high as 50% when the disease attains an epidemic proportion (Lavanya and Gnanamanickam, 2000) . In Andhra Pradesh, when the damage from natural epidemics of blast of rice was examined during wet seasons from 1995-1997 in three rice growing districts, disease prevalence at levels above the economic threshold ranged from 14 to 27% and the yield loss was about 27-35% (Rajarajeswari and Muralidharan, 2006) .
Blast fungus is reported to be highly variable (Ou, 1985; Kumar and Singh, 1995) . Blast symptoms on leaves begin as gray-green and water-soaked lesions, with dark-green borders once the spots are completely expanded (Reis and Casa, 2005) . The structure and dynamics of the population of P. oryzae need to be understood thoroughly if resistant genes are to be utilized ultimately to implement the strategies for management of blast. Virulence studies using host differentials are labour intensive and are further confounded by inoculation techniques and environmental conditions. In this regard, molecular methods have become alternative tools to characterize isolates of the blast pathogen (Babujee and Gnanamanickam, 2000) . Genome fingerprinting has a major role in characterizing the population structure of fungi and further to study their variability (Chadha and Gopalakrishna, 2005a) . Hence, an investigation was made to know the variability of P. oryzae isolates of rice and non-rice hosts collected from the major rice growing tracts of Tamil Nadu. The study also included testing culture media suited for the growth and sporulation of the fungus.
MATERIALS AND METHODS

Source of isolates and pathogen isolation
Samples of rice infected with leaf were collected from eight rice growing tracts of Tamil Nadu viz., Coimbatore, Erode, Gopichettipalayam, Gudalore, Pakkapatti (Tirunelveli dt), Veeranam (Tirunelveli dt), and Thoothukudi. From Sathyamangalam, samples were collected from both leaf and neck infections. Besides rice, samples were also obtained from Echinochloa colonum and Pennisetum purpureum.
Isolation of pathogen
Blast lesions were surface sterilized with 0.1% mercuric chloride for 1 min and placed over clean glass slides kept in sterile Petri dishes padded with moist cotton. The Petri dishes were incubated for 48 h at room temperature (28±2°C). Single conidia were identified from the sporulating lesions using a stereomicroscope and aseptically transferred to potato dextrose agar (PDA) slants for maintenance. The causal organism was identified as Pyricularia oryae based on the spore morphology.
Media suitable for culturing Pyricularia oryzae
The Coimbatore isolate of P. oryzae was grown on PDA for 10 days at room temperature. From the margin of actively growing fungus, 5-mm discs were plugged out. Sterile Petri dishes containing PDA, oat meal agar, rice agar, rice polish agar and malt extract agar were inoculated each with a single 5-mm disc of the fungus and incubated at room temperature for 30 days. Four replications were maintained for each medium. The fungal growth was measured at 5-day-intervals until 30 days. Further, the colony characters of the single isolate on different media were recorded on 30 th day. All the 11 isolates were grown on PDA and their colony morphology was observed.
Spore induction on stem bits
The stem bits from maize, rice (20-day old crop) and P. repens were collected from the field and cut into small pieces of 1 cm in length. 15 pieces were placed in 50 ml Erlenmyer flasks and sterilezed at a pressure of 1.4 kg/cm 2 for 1 h and 30 min. Each flask was inoculated with two 5-mm dia mycelial discs of the Coimbatore isolate and incubated for 15 days at room temperature. Three stem pieces were sampled at 5, 10 and 15 days after inoculation (DAI). Each stem piece was placed in a test tube containing 1ml of sterile water, shaken well to dislodge the spores and decanted. The spore concentration was assessed using a haemocytometer.
Measurement of spore size
All the 11 isolates of P. oryzae were multiplied on maize stem bits for 15 days and spores were collected as mentioned earlier. The length and width of 10 spores were measured for each isolate using a micrometer.
Variability studies using molecular markers
Extraction of total DNA
Total DNA was extracted from the 11 isolates of P. oryzae. For DNA extraction, isolates were grown in 100 ml of potato dextrose broth for four days at room temperature (28±2°C). Mycelial mat was filtered, dried and 2 g of the mat was ground to a fine powder using liquid nitrogen. Powdered mycelia were vortexed in pre-warmed lysis buffer (10 mM Tris (pH: 8.5), 250 mM NaCl, 0.5 mM EDTA and 0.5 % SDS) and incubated at 65°C for 30 min followed by the addition of 1.7 M potassium acetate solution. The contents were gently mixed and incubated at -20°C for 30 min. Samples were then extracted with equal volumes of chloroform and the total nucleic acid was precipitated with equal volumes of chilled isopropanol. The pellet after centrifugation was dried and dissolved in Tris-EDTA buffer (10 mM Tris and 1 mM EDTA (pH: 8.0). The DNA was purified with phenol: chloroform (1:1 v/v) and further using chloroform: isoamylalcohol (24:1v/v). Finally, the DNA was precipitated with chilled ethanol after adding 1/10 th volume of 3M sodium acetate. The DNA was dissolved in 50 µl of TE buffer.
Polymerase chain reaction (PCR)
For PCR, the LTR1 (Long terminal repeat) primer designed from the LTR region of the Magnaporthe oryzae gypsy (MAGGY) retrotransposon sequence was used in combination with 7 ISSR (inter simple sequence repeat) primers as shown in Table 1 . Vanaraj et al. 3381 REMAP amplification reactions were performed in 25 µl reaction volume containing 1x Taq polymerase buffer (10 mM Tris HCl (pH:8.3), 50 mM KCl, 2.5 mM MgCl2, 0.01% gelatin), 0.5 unit Taq polymerase, 150 µM of each dNTP, 0.4 µM LTR 1 primer, 0.6 µM of ISSR primer and 50 ng of template DNA. PCR was carried out in a PTC -100 TM programmable thermal controller (MJ. Research, Inc., Watertown, USA). The amplification profile consisted of initial denaturation at 92°C for 5 min, followed by 40 cycles of 92°C for 45 s, 55°C for 45 s and 72°C for 1 min and a final extension of 72°C for 10 min. Amplified products were electrophoresed in 2% agarose gel and documented in an Alpha Imager (Alpha Innotech Corporation, San Leandro, CA, USA).
Band scoring and data analysis
The reproducibility of DNA profiles was verified by repeating the amplification with each of the selected primers. Only reproducible bands were considered for analysis. A negative control without DNA template and DNA from Rhizoctonia solani was also included in all the reactions. Each identifiable amplification product was considered as a DNA marker and scored for its presence or absence among the isolates.
Cluster analysis
The presence or absence of bands was converted into binary data (1 for presence and 0 for absence of each band) to determine the genetic relationship among the isolates. Similarity matrices were calculated with Jaggard's coefficient and the SIMQUAL program of NTSYS-pc (Exeter software, Setauket, NY, USA). Cluster analysis was done within the SAHN program by using the unweighted pairgroup method with arithmetic averages (UPGMA) method.
RESULTS
Media suitable for culturing P. oryzae
The growth of P. oryzae was rapid on PDA followed by malt extract agar (Table 2 and Figure 1 ). At 5 DAI, the colony diameter was 3.60 cm on PDA which significantly differed from others. The fungus attained the full 9-cm-dia growth in PDA and malt extract agar at 15 DAI. On the same day, the growth on rice agar (7.75 cm) was on par with rice polish agar (6.55 cm). At 25 DAI, the colony diameter of the fungus was 9.0 cm in all the media except oatmeal agar.
Spore induction on host bits
Spore density was more when P. oryzae was multiplied on maize followed by rice stem in all the three observation intervals (Table 3) . Production of conidia increased over time on maize as well as rice stem pieces. On maize, it was 475, 1950, 3420 at 5, 10 and 15 DAI respectively. However, spores could not be observed on P. repens at 5 DAI, though it was 200 and 500 at 10 and 15 DAI respectively. 
Primer
Primer sequence 
Measurement of spore size
The length and width of the conidia of different isolates of P. oryzae ( Figure 2) were measured ( Table 4 ). The mean length of the spores of the isolate from P. purpureum significantly differed from all others. The spore length of Coimbatore isolate was 22.7 µm. Spores of Sathyamangalam leaf and neck, Gudalore, Pakkapatti, Veeranam, Thoothukudi and E.colonum isolates were on par. The spore length was 20.5 and 20.4 µm for Erode and Gopichettipalayam isolates respectively.
The mean width of spores of the isolate from P. purpureum was significantly different (9.9 µm) from others. The isolates from Coimbatore, Sathyamangalam leaf and neck, Gudalore, Pakkapatti, Veeranam and Thoothukudi and E. colonum were on par. The width of the spores was minimum (7.8 µm) in Erode and Gopichettipalayam isolates. 
Variability studies by using molecular markers
Eleven (11) isolates of P. oyzae including two from nonrice hosts were subjected to REMAP analysis and the results are presented in Table 5 . The size of the amplification products varied between 0.1 to 2 kb. A total of 75 scorable bands were detected, of which all were found to be polymorphic. The REMAP patterns exhibited a high level of polymorphism. The REMAP fingerprinting was distinct and clear with primer combinations of LTR1 + (GA) 8 A and LTR1 + (AC) 8 G (Figure 3) . There was no amplification with R. solani and control without DNA template in all the REMAP analysis (results displayed by other primer combinations are not shown).
When LTR1 was used in combination with (AG) 8 C, Erode, Gopichettipalayam and Veeranam, isolates were monomorphic with a single amplicon of ~100 bp while others were polymorphic (figures not shown). Gudalore, Vanaraj et al. 3383 However, variations were observed in the other isolates. Erode and Gopichettipalayam isolates got amplified with a single band with the primer combination of LTR1 and (AC) 8 G (Figure 4 ). Gudalore and Thoothukudi isolates were similar with two markers of ~100 and 200 bp. Figure 4 ). Thoothukudi isolate of P.oryzae was highly variable with only 5% similarity with others. The remaining 10 isolates had 12% similarity. The isolates from Erode, Gopichettipalayam, Veeranam and Pakkapatti showed 15% similarity. Veeranam and Pakkapatti isolates grouped under one cluster with 75% similarity. Erode and Gopichettipalayam isolates were totally similar. The remaining isolates of rice and non-rice formed one cluster exhibiting 20% similarity. The isolates from P. purpureum and E. colonum formed one cluster with 27.6% similarity. The isolates causing leaf and neck blast from Sathyamangalam exhibited 52.9% similarity while 30% similarity was observed with Coimbatore, Sathyamangalam and Gudalore isolates.
DISCUSSION
Among the five natural media evaluated for culturing P. oryzae, the growth was fast on PDA, malt extract agar and slows on rice and rice polish agar. The growth was uniform in each of the natural medium. Leaver et al. (1947) compared the growth of P. oryzae on rice polish agar with synthetic media and observed uniform growth in chemically defined media compared to the natural medium. Kumar and Singh (1995) compared the growth of M. grisea collected from rice, finger millet and pearl millet on 20 different media including malt extract agar, PDA, oat meal agar, rice agar and rice polish agar that were used in our comparison also. Their experiment was terminated on 8 th day and the maximum colony diameter of the rice isolate was on malt extract agar (5.8 cm) followed by PDA (4.2 cm) when incubated at 27 ±1°C. In the present study, when the rice isolate (Coimbatore) was incubated at 28 ± 2°C, its growth on 10 th day was 5.5 cm on malt extract agar and 6.2 cm on PDA. Ou (1985) reports that morphology of P. oryzae is found to vary greatly with the medium and isolates used. In the present investigation, the mycelial color was white on polish rice, malt extract and oat meal agar, whitish grey on rice agar and grey on PDA. Flat growth was observed with rice, rice polish agar, oatmeal agar and PDA while it was fluffy on malt extract agar. However, when all the 11 isolates under study were tested on PDA, they were grey. Recently, Khadka et al. (2012) well studied and reported the differential responses of P. oryzae from different host plants and their growth characteristics in different nutrient media from Nepal.
Our repeated attempts to induce sporulation of P. oryzae on the surface of culture media were unsuccessful. Further, sporulation could not be induced by culturing the fungus on PDA followed by continuous exposure to fluorescent light for seven days as suggested by Srinivasachary et al. (2002) . A simple way to induce sporulation was to grow the fungus on host stem pieces. Spores of P. oryzae isolate from P. purpureum were significantly bigger than the rice isolates. Among the rice isolates, the spores of Erode and Gopichettipalayam isolates were significantly smaller in size than that of the others. Ou (1985) states that the size of spores of the Dendrogram depicting the relationship of 11 isolates of Pyricularia oryzae based on DNA fingerprinting patterns generated by REMAP markers. blast fungus varies among the isolates depending on the environmental conditions. Akoi (1985) measured the spore size of different isolates of P. oryzae from rice cultured on PDA and reported that the average length ranged from 21.2 to 28.4 µm. In our study, the spore length of rice isolates of P. oryzae cultured on maize stem pieces ranged from 18.1 µm to 25.0 µm. Kulkarni and Patel (1956) observed variations in spore length and width of P. setariae from Setaria italica due to the effect of artificial media. They also noticed that temperature had no effect on the width of the spore while length was affected. However, in our study, spores induced on maize stem pieces were measured for the rice and non-rice isolates of P. oryzae from E. colonum and P. purpureum.
Variability studies based on the phenotypic traits and virulence test using host differentials are highly inconsistent. Since molecular markers are direct manifestations of genetic make-up of any organism, they serve as reliable indices to study the population variability. Genome fingerprinting has a major role to study the variability of fungus. Techniques such as RFLP, RAPD, rep-PCR and REMAP have been used to study the population genetics of M .grisea (George et al., 1998; Kalender et al., 1999; Viji et al., 2000; Srinivasachary et al., 2002; Rathour et al., 2004b; Misra et al., 2005; Chadha and Gopalakrishna, 2005a; Chadha and Gopalakrishna, 2005b) . Viji et al. (2000) were the first to study the DNA polymorphisms among the Indian isolates of M. oryzae from finger millet and rice using the probe MGR586. The finger millet infecting isolates were distinct with a single band, while the rice infecting ones showed 50-70 bands. The rice isolates were from Paiyur of Tamil Nadu and the others were from Nepal.
Fingerprinting of 48 rice isolates of M. grisea collected from Himachal Pradesh through RAPD was attempted by Rathour et al. (2004a) and high genetic diversity with 83% polymorphisms was observed. Further, no combination of resistance genes was found to confer resistance against all RAPD fingerprint groups of the pathogen population. Chadha and Gopalakrishna (2005a) also used RAPD technique to study the genetic diversity of the rice isolates of M. grisea collected from 12 different states of India including one from Pondicherry and the isolates were found to exhibit 64% polymorphism. However, their study did not include any isolate from Tamil Nadu. Though RAPD is a simple PCR based DNA fingerprinting technique, it uses 10 mer with low annealing temperature leading to results of low fidelity. George et al. (1998) used rice and non-rice isolates of M. oryzae from Philippines and the Himalayas of India for studying the variability by rep-PCR utilizing sequence from the Pot 2 element. Fragments of DNA ranging from 400 bp to 23 kb were amplified and the resulted grouping of isolates was comparable with that of MGR586 RFLP lineages. Populations from P. grisea from three blast epidemics that occurred in Orissa during 1997, 2000 and 2002 were compared by Misra et al. (2005) . They concluded that traditional rice cultivars were infected by a single prominent lineage of the pathogen during epidemics, while modern rice cultivars were infected by multiple lineages. Initially, our repeated efforts of fingerprinting following the rep-PCR failed. Moreover, the technique requires 10-min extension at 65°C in PCR cycle leading Vanaraj et al. 3387 to extended duration of nearly 8 h. Hence, we resorted to REMAP DNA fingerprinting. Kalender et al. (1999) were the first to use REMAP technique to fingerprint variability in barley. Chadha and Gopalakrishna (2005b) applied this technique to study the population genetics of M. oryzae obtained from Pondicherry, Kerala, Gujarat, Maharastra, Orissa and Assam. The technique uses long terminal repeat primer based on the LTR region (253 bp of the MAGGY transposon) in combination with a primer designed for annealing at the 3 end of a stretch of a SSR and detects retrotransposons inserted near SSRs. The high degree of polymorphism observed in the population of M. oryzae mentioned above was attributed to the actions of retrotransposon.
In this study, the primer combinations of LTR 1 and (AC) 8 G, LTR 1 and (GA) 8 A yielded better results. Clear fingerprinting pattern was also obtained with the same set of primers as suggested by Chadha and Gopalakrishna (2005b) . We observed high level of variability with only 5% similarity among the rice and non-rice isolates. Our results lend support to the earlier findings that Indian isolates of rice blast pathogen are highly variable (Chadha and Gopalakrishna, 2005b; Rathour et al., 2004b; Srinivasachary et al., 2002) . Based on the present study, it can be concluded that the Tamil Nadu isolates of P. oryzae are genetically variable and their relationship can be studied reliably by REMAP markers
